
O 



CO 

Of 



> QflSce 
\ 



PCT/G8-2004 / 0 0 2 4 9 6 , 

INVESTOR m PBOPLB 

The Patent Office 
Concept House 
Cardifff] 




NewpoWc-o „ , 
South Wales ' 



South 
NPIO 



Comptroller-General, * WSify ^.^ ai^J°hX «ue certificates onbehalf of the 
origiruUly filed co,»,ec«o„^ithi*t.™^ri^,:SS^ 



as 



In accordance with the Patents (Companies Re-registration) Rul« lOJW v 

m this certificate and anv accomnanvin^ h«« registration; Rules 1982, if a company named 

1980 with the sanfe ^mra^Zrwlf r^^^^^^ 

registration save for th^XtLtn J nr^ /^^^ '^^^'^'^"^ immediately before re- 

>bliclimitedcom;^y-t^^^^^ 

in this certificate and Jy acci^n^n. Hn!^.^^ ^ J ' ^ the name of the company 

with which it is so re-regisSd ^ ^ documents shall be treated as references to the Lie 

J~crp:l!i:*^ >^«<^ «-^ted company" may be replaced by p.l.c. 




Dated 24 June 2004 



An Executive Asencv of the Department of TVaffc. 



PRIORITY 
DOCUMENT 

SireMITIEDORTOANSMITrEDIN 
: COMPUANCBWITHRULBi7.i(a)OR(b) 




Patr ^Foiml/77 

Patents Act 1977 



Request for grant of a pai 

(See the notes on the back of this form. You can _ 
oxplsnatoTyIeaae(£ros2 the Patesi QjSBce. (c hdp 
this form) 




1.2JUW3 E8l4306-a D00Q6Q 



1. Your reference 



The Patent 0£5ce 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



2, Patent application number 

PTie Patent OfBce wJUnUin this part) 



NJH/MP61 34688 

0313497xr 



^ JUN 2063 



3. Full name, address and postcode of the or of 
each applicant (underline aU surnames) 



Patents ADP number (if you know it) 

If the appUcant is a corporate body, give the 
country/state of its incorporation 



ARTHUR KNQM£S 
24 CARTER LANE WEST 
• SOUTH NORMANTON 
ALFRETON 

DERBYSHIRE DE55 2DX 



4. Title of the invention 



DRIVagNGAGEMENT APPARATUS 



5. Name ofyour agent fifj^u have one) 

"Address for service" in the United Kingdom 
to which aU correspondence should be sent 
(including the postcode) 


MEWBURN ELLIS • 
York House 
23 Kingsway 
London WC2B 6HP 




.Patents ADP number (if you know it) 


109006 




6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of fiHng of the or of each of these 
earlier applications and (if you kpowit) the or 
each application number 


Country Priority application number 
(if you icnowit) 


Date of filing 
(day /month /year) 


7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 


Number of earlier application 


Date of filing 
(day /month /year) 


8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer Yes* i£ 

a; any applicant named in part 3 is not an inventor, or 

b) ^^re is an in ventor who is not named as an 
applicant, or 

c) named applicant is a corporate body 
See note (d)) 


YES 

i 





Pat&atsVoaa 1/77 



Pair ^Pomil/77 

9. Enter the number of sheets for any of the 
foHowing items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 

ClaimrsJ 
Abstract 

Drawing/y 

10. If you are also filing any of the foHowing, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Parents Form 7/7'0 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 
(phase specify) 

IL ~ 




0 

22 

7 
0 

3 ^ 

0 
0 



I/We request the grant of a patent on the basis of this application. 



Signature 



Date 

10 JUNE 2003 



NIGEL HACKNEY 0161 247 7722 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 

Warning 

United Kingdom, Section 23 of the Patents Actiaf^ioaZ^,^^^ f ^"^^O'-e. if you live in the 

written permission irom the Patent oSeuS^Z^tn^^^ 
United Kingdom for a patent f^meT^^^^n^ff^^u^ 

communication has tL given, ^rVnTslS'dTr^ZXr^^^^^^^^ - 

attached to ihis form. reievanl part (s). Any continuaUon sheet should be 

d) If you have answered Yes' Patents Form 7/77 will need to be Sled. 

e) Once you have filled in the form you must remember to sign anddateit 
0 For details of the fee and ways to pay please contact the Patent OfBce. 



l?zbaatsWoxml/77 



The invention described herein relates to engagement 
.. devices, for enabling. a rotating . drivihg member to be 
5 brought into smooth positive engagement with a load to be 
driven by e.g." synchronising the driving member with a 
driven member. For example, the invention' could be used 
. in a type of clutch to smoothly engage a driving member 
with e.g. heavy duty equipment fitted to vehicles, e.g. 
10 fire engine pumps,, road marking equipment, blowers, 
vacuum tankers, dynamos etc. 

A known clutch arrangement includes friction plates 
enclosed in a clutch housing. The friction plates are 
compressed mechanically or pneumatically by a circular 
15 piston pressing on a pressure plate, y/hich comes into 
contact with the friction plates and pushes them 
together. An output shaft having the load to be driven 
attached to it, e.g. by a coupling, has alternate 
friction plates in mechanical cooperation with it. The " 
10 other alternate friction plateb (i.e, those not in 
cooperation with the output shaft) are in mechanical 
cooperation with a driving sleeve which rotates as part 
of the driving shaft. The clutch works by friction 
.acting between the friction plates, as they are pushed 
5 together. 
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This type of clutch relies on the constancy of e.g. 
operating fluid pressure and/or the load to be driven. 
In other words, the important factors affecting the 
effective operation this type of clutch are how much 
5 force can be applied by the piston to push the friction 
plates together, and how much load is attached to the 
output shaft to be driven. Obviously, a larger load has 
more inertia and is harder to start rotating. .Larger 
forces, e.g. larger fluid pressures, are needed in this 
10 case. If demand on the clutch is raised beyond its 
capacity, the friction plates are likely to slip and 
overheat; the clutch will eventually fail by burning out. 

Another example of a known clutch is shown in GB 
2216203. The arrangement shown' in this document has an 
15 internally splined driving sleeve movable under the 
action of a pneumatic ram to engage an output dog 
drivably connected to 'an output shaft - this engagement 
effectively makes the driving sleeve and output shaft a 
single mechanical member, thereby avoiding the dependence 
20 on operating air pressure. The ram has an actuating rod 
with a fork element attached to it, the fingers of the 
fork element engaging an annular groove in the outer 
surface of the driving sleeve. Thus, when compressed air 
acts on an end of the pneumatic ram, the actuating rod 
25 slides axially, moving the driving sleeve with it. The 



driving sleeve has a pressure plate located inside it and 
releasably. engaged to it by means of steel balls 
resiliently urged, into depressions formed in the inner 
surface of the sleeve. There are a set of friction 
plates, alternate ones of which are engaged with the 
internal splines of the driving sleeve, the remainder 
being engaged with the output shaft: When the sleeve is 
initially moved towards engagement with the output dog, 
the pressure plate moves axially with it and loads the 
friction plates against one another to begin turning the 
output shaft. A large torque is required to start the 
rotation because of the inertia of the load attached to 
the output shaft. This torque manifests itself as 
friction between the friction plates and the internal 
splines of the driving sleeve. This friction is enough 
to prevent further sliding motion of the driving sleeve 
until the rotational speeds of the driving sleeve and • 
output shaft are more or less equal. The torque required 
to turn the output shaft is then less, so the friction 
acting on the splines of the driving sleeve is reduced 
and sliding recommences. . 

In this arrangement, the force that pushes the 
friction plates together originates from the compressed 
air acting on the pneumatic ram. since the size of the - 
ram is limited e.g.' by the constraints ' of the size of the 
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housing itself, the amount of force that can be generated 

is also limited. Furthermore, when large loads need to 

be started, the bending moment on the fork element 

deflects the line-abilitv n-F ^i 4. v. ^ 

duiiiry of the clutch housing. As a 

5 result, the pneumatic ram is puUed out of alignmeat with 
the housing, -Which can wear the components. As more 
powerful machinery with larger loads that need to' be 
driven is introduced, clutches of this type are 
struggling feasibly to provide enough force to overcome 
'0 the initial Inertia so as to enable engagement. 

The present invention seeks to ameliorate at least 
some Of the problems associated with known clutches, m 
particular, the clutch according to the present invention 
includes a piston valve which allows the configuration of 
15 the Clutch to be altered so that it may be capable of 
overcoming the inertia of large loads. 

At its most general, the present invention separates 
the functions of ,i, engaging a driving member with a 
driven member, and ,ii, activating a friction drive e.g. 
20 by pushing friction plates together, by incorporating a 
valve arrangement In the piston which allows a force to 
act through the piston without necessarily moving the 
driving member. Thus, these actions are separated without ' 
necessarily increasing the size of the housing or 
25 necessarily. requiring further power supplies or input 



ports. As a result, the present invention provides a way 
of activating the friction drive with a larger force than 
before by using a actuator having a larger area, yet 
still being. able to provide the system .in a housing that 
5 is no larger than known housings. Furthermore; the clutch 
of the present invention is only used to synchronise the 
driving and driven members, thus it is less likely to 
burn out through overloading. The valve arrangement in 
the piston also allows an air controlled friction drive 
10 to be deactivated just before the moment of positive 
engagement of the clutch, so that engagement proceeds 
smoothly. 

According to an aspect of the present invention, 
. there is provided an apparatus for engaging a rotary 
15 driving member with an element to be driven, the 
apparatus including a housing containing: a rotary 
driving member capable of being axially moved into 
positive engagement with a rotatable driven member to 
which the element to be driven is drivably connected; a 
piston slidably mounted in the housing, the piston being 
engaged with the driving member such that pressure acting 
on 6ne end of the piston effects axial mdvement of the 
piston with respect to the housing,' thereby, effecting 
axial movement of the driving sleeve; , and a delay device 
for delaying the establishment of a .positive connection 
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between t.. 

^elay .e,.ce .avin,: „ea„s .o. p.oauc.n, a ...,e 

on the driven member to rotate i-ho m • 

rotate the driven member pr-ior- to 
e„,a,e„ent w.th t.e ^ ^^^^^^^^ ^^J^^ 

actuato.. .He actuato. .ei„, ^^^^^^^^ 

t.e ..,«,on ....e; „.e.e.„ ..e p.^ton haa a paasa,e„a. 
thro.,, 

Piston al=o to act on tHe f.ict.on ..... 3ctuato.. 

Thus, t.e passageway through the piston allows th. 
friction .rive to .e activate. ... friction .rive ■ 

actuator acting separately from th^ n. 

cj.y xrom the movement of the 

driving sleeve. The piston acts as a valv. 

s as a valve arrangement 

which partitions a single pressure 1-0 

y e pressure to move both the 

driving „e:„.er an. the actuator, xn other wor.s, only a 
Single input o, e.g. co.presse. air ™ay .e retire, push 
the actuator an. „ove the driving „e„ber. 

P-*eraM., the apparatus inclu.es restraining „eans 
to restrict initial axial „ove.ent o, the piston, there.. 
allowing pressure to act firstly on the friction .rive 

0 actuator. Pr'=^f^r=»mw 

r-f.rably, the restraining „eans is a spring. 

■ Preferably, the driving „e^er .oves in a first 
direction into positive engagement with the driven 
-^er,. the friction drive actuator „oves in a second 
direction to activate the friction drive, and the first 
direction is substantially opposite the second direction 



Preferably, the piston includes a first end portion 
and a second end portion, each end portion being slidably 
received in a respective first and second cylinder formed 
in opposite ends of the housing, the arrangement being 
su-Ch that pressure acting on the first end portion 
axially moves the piston so as to effect engagement of 
the driving member to the driven member, and pressure 
acting on the second end portion axially moves the piston 
so as to effect disengagement of the same. 

Preferably, the passageway extends through the 
piston between the first cylinder and the second 
cylinder. Preferably, the passageway opens into the 
second cylinder via a radial hole in the piston, such 
that pressure- from the passageway acts on the side of the 
second cylinder. Fluid (e.g. compressed gas, preferably 
compressed air) communication means may then be provided 
between the friction drive actuator and the side of the 
second cylinder so that pressure acting on the side of 
the second cylinder also acts the friction drive 
actuator. The remainder of the specification refers to 
compressed air, but the present invention may work with 
any other type of fluid. Preferably, the compressed air 
communication means includes a bore through the housing. 

Preferably, sealing means are located around the 
piston at a predetermined axial distance from each side ' 
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Of the radial hole, the sealing „ea„s defining a zone in 
Which pressure fro™ the passageway acts. Preferably, the 
sealing .eans are sealing rings positioned around th- 
Piston. The sealing rings are preferably positioned such 
5 that the zone is isolated ,ro» the compressed air 

communication means when the piston has moved the driving 
member . predetermined distance towards engagement, with 
the driven me.J=er. Thus, one of the sealing rings ma>. 
™ove over the bore in the housing as the driving member 
10 moves Into engagement with the driven member, thereby 
releasing, pressure from the cylinder. The piston may 
include a race to release air into the housing space when 
the zone is isolated from the bore in the housing. 
Preferably, therefore, the pressure ceases to act on the 
15 friction drive actuator Just before or at the same time 
as positive engagement is established between the driving 
member and the driven member. Thus, the apparatus may 
disengage the friction drive just before or at the same 
time as positive engagement is established between the 
20 driving member and the driven member. This is achieved bv 
selecting the positions of the sealing means carefully so 
that the friction drive actuator is Isolated from the 
pressure acting on it at the relevant moment, e.g. when 
the driving member begins to slide Into full engagement 
5 with the driven member. Thus, at the point of direct 
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mechanical connection, the clutch will be free from any 
load contact, so any load or speed fluctuations at that 
point will not affect the clutch. 

..F^^^^^^P-^y^ ^he friction drive actuator is biased 

5 away from activating the friction drive. It may be biased 
by a spring. 

Preferably, the friction drive actuator includes an 
annular pressure ring slidably mounLed in the housing. 
The area of the annular pressure ring on which the 
10 pressure acts may be greater than the area of the piston 
on which pressure acts. There is less restriction on 
space in the opposite side of the housing. from the 
driving member, therefore the actuator may be larger. 
The advantage of having a large actuator is that e.g. 
15 compressed air can act on a larger area than e.g. the end 
of the pneumatic ram (which was the area acted on in 
known clutches) . Thus, a larger force for a given 
pressure can be obtained. 

Preferably, the means for producing a friction drive 
20 include a plurality of axially movable, friction plates, a 
first set of which are rotatably engaged with the driving 
member and a second set of which are rotatably engaged 
with the driven member, the plurality of friction plates 
being arranged so that they first and second set are ; 
25 pushed together by the friction drive actua1:or. Each 
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friction plate of th*^ f i r-Wt- ^^4- 

I cn. rirst set may be provided between 

friction plates of the second set. 

Preferably, the driven member includes a gear 
-unted on a shaft, the gear being engagable with the 
5 driving ne^er to effect the positive engagement between 
the driving member and the driven member. The gear 
-unted on the shaft may be axially movable, and the 
friction drive actuator may be arranged to act on the 
gear to push it to activate the friction drive. The 
10 driving member may include a sleeve coaxial with the 

Shaft, the Sleeve being engagable with the gear. m this 
case, the piston may include a fork member with fingers 
that engage a groove in the outer surface of the sleeve. 
Preferably, the pressure is provided by compressed 
•5 air. ^«^erably, the pressure provided, to the system is 
120 psi (approximately 8x10= Pa, . However, the pressures 
reguired depend on the starting torgue needed to turn the 
driven member. Preferably, the pressure provided to the 
system is variable to cope with the requirements of 
0 different loads. 

Preferably, the apparatus includes means for 
applying a first force to activate the friction driv=, 
"herein the means is arranged so that the first force 
activating the friction drive is greater than a second 
force acting on the rotary driving member. Preferably, 
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the first and second forces are derived from a given 
pressure acting on different areas. 

Preferably^ the apparatus includes power means for 
providing pressure ^f which a force to effect movement 
5 of the driving member and the driven member in the first 
and second directions respectively can be derived. 

In another aspect of the invention, there is 
provided an apparatus for engaging a rotary driving 
member with an element to be driven, the apparatus 

10 including: a rotary driving member capable of being 
axially moved in a first direction into positive 
engagement with a rotatable driven member to which the 
element to be driven is drivably connected; and a delay 
device for delaying the establishment of a positive 

15 connection between the driving member and the driven 
member, the delay device having: means for producing a 
friction drive on the driven member to rotate the driven 
meitODer prior to engagement with the driving meit±»er; and a 
friction drive actuator, the actuator being axially 

20 movable in a second direction to activate the friction 

drive, the second direction being substantially opposite 
the first direction; wherein, when the friction drive is 
initially activated, axial movement of the driving member 
in the first direction .is delayed until the torque 
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required to rotate the driven men,ber and elexnent to be 
driven has lessened. 

An example of the present invention will now be 
describe, in detail with reference to the accompanying ' 
drawings, in which: 

Fig. 1 is a cross section of a drive arrangement 
according to the present invention; 

Fig. 2 shows the selector fork of the drive 
arrangement of Fig. i; 

Fig- 3 is a piping diagram showing the layout of the 
compressed air supply to the drive arrangement of Fig. i. 

The drive arrangement 1 of the invention shown in 
Fig. 1 has a housing consisting of two parts 11, 12 fi.ed 
together using e.g. bolt 100. The housing defines a 
15 space in which the mechanism of the invention is located 
A driving gear 13 is rotatably mounted in the housing by 
Means of roller bearing 37, which is located on shaft 17 
fixed to stub 16 on the end wall of the housing. Oriving 
gear 13 is externally splined to be permanently engaged 
20 to a rotating member <not shown, of an engine. Thus, 
When the engine is running, driving gear 13 rotates. 
Extension member 18 is bolted to driving gear 13 to 
rotate with it. Extension member 18 is splined around 
its external surface. oriving sleeve 19 is internally 
25 splined, and is .eyed into axially slidable engagement 
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with the extension member 18^ so that it rotates with the 
driving gear 13 but is axially slidable relative to the 
extension member 18. ' 

The housing also holds output shaft 14 via roller 
bearing 39. One end of the output shaft 14 extends 
through the centre of driving sleeve 19 into extension 
member 18, where it is located in a roller bearing 53, 
which allows independent rotation of the shaft 14 and 
extension member 18. The other end of the shaft 14 has 
coupling 15 attached to it by means of which the drive 
arrangement can be attached to an external device (e.g. 
centrifugal fire engine pump), which needs to be driven. 

Driving sleeve 19 is axially movable by piston 21, 
which has a fork member 22 that engages an annular groove 
2 0 in the surface of the driving sleeve 19. Thus, when 
compressed air is supplied through input port 34 to space 
35, piston 21 is pushed to the right as shown in Fig. 1; 
this would serve also to push the driving sleeve 19 to 
the right. 

Output shaft 14 is externally splined, and output 
dog 23 is slidably keyed via internal splines on to it. 
Output dog 23 and driving sleeve 19 are arranged so that 
they can be drivably connected to one another via .a dog 
tooth connection 28, 29. In other words, driving sleeve 
19 can be pushed into engagement with output dog 23 to 
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effect mechanical connection between the driving gear 13 
and output shaft 14 . 

If the driving sleeve 19 were pushed into i™,ediate 
engagement with the output dog 23, the inertia o( the 
5 load connected to the output shaft 1. would give the 
system a large shock, which could easily damage 
components. It is better for the output shaft 14 (and 
therefore the output dog 23, to be already rotating at a 
Similar (if „ot the same, speed as the driving sleeve 19 
10 When engagement occurs, to minimise any shock loading. 

To delay the moment of engagement, friction plates 24 are 
provided between the extension member 18 and the output 
dog 23. Alternate ones of the friction plates have 
internal splines which engage on the external splines of 
15 output Shaft 14, therefore rotate with that shaft. The 
other alternate friction plates' have external splines 
that engage with the internal splines of the driving 
Sleeve 19; the friction plates 24 are able to slide 
axially relative to one another. 
20 When the piston 21 is in the leftmost position in 

Fig. 1 (i.e. disengaged or 'parked',, there is a gap of 
about 3mm to 5mm between the output dog 23 and the 
extension member 18 so that there is about 1mm free play 
between the friction plates 24. Thus, when the friction 
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plates are not in use, the two sets of plates can rotate 
relative to one another relatively easily. 

On the opposite side of the output dog 23 from the 
friction plates 24, there is a annular ring 25 mounted, in 
a cylinder 26. The ring 25 has a pressure plate 27 
attached to it which engages the output dog 23 via roller 
bearing 44. The arrangement is such that when e.g. 
compressed air is provided in the cylinder 26, the ring 
25 is pushed to the left as seen in Fig. 1. Thus, the 
pressure plate 27 pushes the output dog 23 via thrust 
bearing 4 4 to the left; the output dog 23 pushes the 
friction plates 24 together, squeezing them between the 
output dog 23 and the extension member 18, thereby 
activating a friction -drive on the output shaft. This 
will be explained in more detail below. 

Fluid (e.g. compressed air) is provided to the 
cylinder 26 by a bore 32 drilled in the housing. The 
compressed air for moving the ring 25 comes from the same 
port 34 as the compressed air for moving piston 21. The 
piston 21 has a passageway 31 drilled in it which has a 
port 36 at one end that opens into space 35.. At the 
other end, a radial hole 33 links the passageway 31 to 
bore 32, i.e. it allows compressed air communication 
between the port' 34 and cylinder 26. 
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Piston 21 is shown on Its own 1„ Fig. 2. It has a 

cylindrical rod as an upper body from which depends the 

fork „a™ber 22. Such an arrangement is well known. The 

■ cylindrical rod is formed of a number of portions of 

S different diameters. The central portion 200 has the 

largest diameter and holds the fork member 22. End 

portions 206, 208 are of a smaller diameter and are 

slidably received in cylinders forced in the housing of 

the drive arrangement as shown in Flo 1 f„rt 

j-Ai rig. 1. Ej^d portion 

10 206 is located in the enrl ^€ n,. .. 

n tne end of the housing having the port 

34. iU> end surface 202 of the centre portion abuts the 

housing to limit the extent to which the piston 21 can 

-ve to the left in Fig. 1 a.e. out of engagement,. 

other end portion 208 is received in a cylinder in the 

15 other Side of the housing. Cnd portion 208 is connected 

to centre portion 200 by intermediate portion 210. The 

intermediate portion has a surface 212 which abuts the 

housing at the entrance to the cylinder for receiving end 

portion 208 to limit the movement of the piston 21 to the 

20 right in Fig. i a.e. into engagement,. Ss shown in Fdg. 

1, the intermediate portion 210 has a coiled spring 30 ^ 

fitted around it that pushes against the wall of the 

housing and surface 204 of the centre portion, i.e. it 

acts to push the piston 21 to the left in Fig. l, i.e. it ' 

2S acts to stop driving sleeve 19 from being pushed 



The 
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immediately into engagement with output dog 23. In fact, 
the spring is of a particular biasing strength so that, 
when e.g. compressed air is provided from port 34 to 
space 35/ travel of the piston 21 is restricted enough by 
the spring so that the compressed air communicates first 
with the ring 25 and therefore acts on the output dog 23 
first. In other words, the spring 30 ensures that the 
friction drive on the output shaft is initiated by 
movement of the output dog 23 before the driving sleeve 
19 moves significantly. 

End portion 208 also includes annular grooves 214, 
216 located on either side' of the radial hole 33. The 
grooves 214, 216 are for locating sealing rings 55, 56 to 
define a zone 218 around the end portion 208 when it is 
located in the cylinder in the housing in which the 
pressure from radial hole 33 can act. Thus, the piston 21 
itself can act as a valve for the pressure acting through 
the passageway 31. When the zone 218 is positioned over 
the bore 32, the pressure through the passageway 31 can 
act on the ring 25, whereas if the piston 21 is moves 
axially so that one of the sealing rings 55, 56 moves 
over the entrance to the bore 32, the ring 25 will be 
isolated from the pressure. 

Fig. 1 shows the arrangement in a disengaged 
position. Piston 21 is at its leftmost position. Output 
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shaft 14 is thus not driven. To move to an engaged 
state, compressed air is provided into space 35 via port 
34. The spring 30 restricts the movement of the piston 
21 under this pressure, such that the pressure acts first 
5 on ring 25 in cylinder 26 via passageway 31 and radial 
hole 33 and bore 32. The ring 25 pushes pressure plate 
.27 against output dog 23, which slides so as to push the 

friction plates 24 toaethar mu^s^ ^ . 

c^ycciicj.. j.,,^^ movement is relatively 

small: the output dog 23 is unable to slide into 
10 engagement with the drive sleeve 19; the sleeve itself 
must move to effect engagement. Friction between the 
alternate plates that rotate with the sleeve and the 
plates engaged with the output shaft 14 makes the shaft 
14 start to turn. However, the torque required for this 
15 means high contact pressures act against the side 

surfaces of the internal splines of the driving sleeve 19 
Which prevent it from moving to the right (i.e. to engage 
with the output dog 23). However, as the output shaft 14 
increases in speed, the torque required lessens so that 
20 the contact pressures reduce to allow the pneumatic force 
on the driving sleeve 19 to overcome the restraining 
force of the spring 30 so that it begins to slide into 
full engagement with output dog 23. The pneumatic force 
through radial hole 33 acts from zone 218 defined by 
25 sealing rings 55, 56 located in grooves 214, 216. Zone 
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218 is so positioned such that as the driving sleeve 19 
begins to slide into full engagement with the output* dog 
23 r the compressed air supply to cylinder 26 is cut off. 

... To effect release of pressure from the piston 25 (and 
5 therefore output dog 23) before the point • of engagement, 
a race is provided in the piston to allow the compressed 
gas to communicate with the housing space via bore 32. 

End portion 208 is slidably received in valve sleeve 
57. The valve sleeve 57 includes a number (preferably 

10 five) radial holes 58 of e.g. Imm diameter which 

communicates via a cylindrical channel with the bore 32' 
in the housing. The compressed air supply to the cylinder 
is cut off when one of the sealing rings 55, 56 moves 
over it so that it is isolated from zone 218. The release 

15 of compressed air allows the piston 21 to overcome more ' 
easily the restraining force of the spring 30 and 
therefore the mechanical coupling between the sleeve 19 
and' the output dog 23 is made easily. 

Pressure plate 27 has a pull-back mechanism where it 

20 (and ring 25) are urged fully back into the cylinder 26 
when pressure is removed. The pull-back mechanism has a 
bolt 50 fixed in a recess relative to the side of the 
housing containing the cylinder 26. The bolt has a 
cylinder 51 slidably mounted on it and biased away from 

25 it (to the right in Fig. 1) by a spring 52. Cylinder 51 
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is attached to pressure plate 27 such that it acts to 
pun the plate towards the housing. 

The drive arrangement also includes means for 
braking the output shaft 14 wheri the driving sleeve 19 ie 
5 disengaged from the output dog 23. A braking plate 40 
has internal splines which engage the external splines of 
the output Shaft 14 so that the braking plate 40 rotates 
With the Shaft 14. A circular piston 41 is counted in a 
cylinder 43 such that when e.g. compressed air is 
10 provided Via bore 42 in the housing, the' piston 41 

frictionally acts against the braking plate 40 to effect 
braking of the output shaft 14. Bore 42 opens into the 
slot for receiving end portion 208 of the piston 21. The 
entrance to the bore is positioned so that compressed air 
15 can only gain access to the cylinder 43 when the piston 
21 has moved sufficiently enough to the left (i.e. in the 
direction of disengagement) to make sure the driving 
Sleeve 19 and output dog 23 are disengaged. 

TO move the piston 21 tc the left when the system is 
20 engaged, i.e. tc disengage the arrangement, the 

compressed air supnlv is <!wi+-oK«^ ^ 

"t'pj.y IS switched from port 34 to port 

46. The position of bore 42 means that the same input for 

compressed air to disengage the drive can be used to 

activate the braking system. 
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At the end of the cylinder for receiving end portion 
208 of the piston 21, an indicator valve is located. .The 
valve may be connected to a rotawink indicator or the 
..^i.'^®-.. When the drive is in its disengaged, or 'parked' 
position, the compressed air supply is applied to port 4 6 
of thfe housing to maintain the parked position and 
^charge up' the indicator with compressed air. When the 
line to the indicator is charged up, the indicator 
changes colour to demonstrate to an operator what state 
the system is in. When the piston 21 completes its final 
move to engage the driving sleeve 19 with the output dog 
23, the end of the piston pushes the valve 47 off its 
seat, which releases the compressed air that was charging 
up the indicator to the atmosphere, thereby causing the 
indicator to change colour to designate that the system 
is fully engaged. 

Fig. 3 shows the piping arrangement for the system. 
Compressed air under pressure is supplied to operating 
switch 300, which has connections 302, 304 to the drive 
arrangement 1. When the drive is disengaged, compressed 
air is supplied to port 46 via pipe 304. To engage the 
drive, the switch 300 is flicked and compressed air is' • 
provided to port 34 via pipe 302. The rotawink indicator 
30 6 is usually mounted in e.g. a driver's cab or near the 



22 

operator to warn the operator of the state of the 
arrangement. 

- Of course, the invention may include any variations, 
modifications or alternative applications of the above 
embodiment, as would be readily apparent to the skilled 
person without departing from the scope of the present 
invention in any of its aspects. 
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. CLAIMS 

1- An apparatus for engaging. a rotary driving 
meitODer with an element to be driven, the apparatus 
including a housing containing: 

a rotary driving member capable of being axially 
mbved into positive engagement with a rotatable driven 
member to which the element to be driven is drivably 
connected; 

a piston slidably mounted in the housing, the piston 
being operably connected with the driving member such 
that pressure acting on one end of the piston effects 
axial movement of the piston with respect to the housing, 
thereby effecting axial movement of the driving member; 
and 

a delay device for delaying the establishment of a 
positive connection between the driving member and the 
driven member, the delay device having: 

means for producing a friction drive on the driven 
member to rotate the driven member prior to engagement 
with the driving member; and 

a friction drive actuator, the actuator being 
axially movable to activate the friction drive; 



5 



0 
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wherein the piston has a passageway through it such 
that pressure acting on the end of the piston also acts 
on the friction drive actuator to effect movement of it. 

2. An apparatus according to claim 1 having 
restraining means to restrict initial axial movement of 
the piston, such that pressure acting on the piston 
produces movement of the friction drive actuator prior to 
movement of the piston. 

3. An apparatus according to either one of claims 
1 or 2, wherein the restraining means is a spring. 

4 . An apparatus according to any of the preceding 
claims, wherein 

the driving member moves in a first direction into 
positive engagement with the driven member; 

the friction drive actuator moves in a second 
direction to activate the friction drive; and 

the first direction is substantially opposite the 
second direction. 

5. An apparatus according to claim 4, wherein the 
piston includes a first end portion and a second end 
portion, each end portion being slidably received in' a 
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respective first and second cylinder formed in opposite 
ends of the housing, the arrangement being such that 
pressure acting on the xirst end portion axially moves 
the. piston .so as to effect engagement of the driving 
member to the driven member, and pressure acting on the 
second end portion axially moves the piston so as to 
effect disengagement of the same. 

6. An apparatus according to claim 5, wherein the 
passageway extends through the piston between the first 
cylinder and the ^second cylinder. 

1. An apparatus according to either one of claims 
5 or 6, wherein 

the passageway opens into the second cylinder via a 
radial hole in the piston, such that pressure from the 
passageway acts on the side of the second cylinder; and 

fluid communication means is provided between the 
friction drive actuator and the side of the second 
cylinder so that pressure acting on the side of the 
second cylinder . also acts the friction drive actuator. 

•8, An apparatus according to claim' 7, wherein the 
fluid communication means includes a bore through the 
housing. 
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9- An apparatus according to either one of claims 
7 or 8, wherein sealing means axe located axound the 
piston at a predetermined axial distance from each side 
5 of the radial hole, the sealing means defining a zone in 
which pressure from the passageway acts. 

10. An apparatus accoxdiay Lo claim 9, wherein the 
sealing means are sealing rings positioned around the 
10 piston. 



11. An apparatus according to either one of claim 9 
or 10, Wherein the sealing means are positioned such that 
the zone is isolated from the fluid communication means 
15 When the piston has moved the driving member a 

predetermined distance towards engagement with the driven 



member. 



12. An apparatus according to any one of the 
20 preceding claims, wherein the piston includes a valve 
, arrangement whereby the pressure ceases to act on the 

friction drive actuator just before or at the same time 
. as positive engagement is established between the driving 
member and the driven member. 
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13.. An apparatus according to any one of the 
preceding claims ^ wherein the friction drive actuator is 
biased away from activating the friction drive. 

14. An apparatus according to claim 13, wherein the 
friction drive actuator is biased by a spring. 

15. An apparatus according to any one of the 
preceding claims, wherein the friction drive actuator 
includes an annular pressure ring slidably mounted in the 
housing. 

16. An apparatus according to claim 15, wherein the 
area of the annular pressure ring on which the pressure 
acts is greater than the area of the piston on which * 
pressure acts. 

17 . An apparatus according to any one of the 
preceding claims, wherein the means for producing a 
friction drive include a plurality of axially movable 
friction plates, a first set of which are rotatably 
engaged with the driving member and a second set of which 
are rotatably engaged with the driven member, the 
plurality of friction plates being arranged so that they 
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^irst and second set are pushed together by the friction 

drive actuator. 



18- An apparatus according to clai™ 17, wherein 

5 each friction plate of the firsi- • 

tne lirst set is provided between 

friction plates of the second set. 

An apparatus according to any one of the 
preceding claims, wherein the driven „e^er Includes a 

"""""'^-^ °" ^ ^ear being engagable with 

the driving .e^er to effect the positive engagement 
between the driving „e™ber and the driven „e„..er. 

20. An apparatus according to clai„ 19, wherein the 
15 gear counted on the shaft is' axially Movable, and the 

friction drive actuator is arranged to act on the gear to 
push it to activate the friction drive. 

21. ^ apparatus according to either one of claims 
-0 19 or 20, Wherein the driving member includes a sleeve 

coaxial with the sh^-Ff- 

shaft, the sleeve being engagable with 

the gear. 
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22. An apparatus according to claim 21, wherein the 
piston includes a fork member with fingers that engage a 
groove in the outer surface of the sleeve. 

23. An apparatus according to any one of the 
preceding claims, wherein the pressure is provided by 
compressed gas. 

> 

24. An apparatus according to any one of the 
preceding claims, wherein the pressure is provided by ^ 
compressed air. 
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